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PHYLOGENETIC
RELATIONSHIPS
AMONGTHESPECIESOF
PYELOSOMUM
LOOSS, 1899 (DIGENEA:PRONOCEPHALIDAE)
Gerardo Perez Ponce de Leon and Daniel R. Brooks*
Institutode Biologia,Universidad
NacionalAutonomade Mexico,Mexico,D.F.ApartadoPostal70-153C.P.04510,Mexico
Comparativemorphologicalstudy of 10 nominal species of pronocephalidsforminga clade diagnosedby plump
roundedbodies, sinuous ceca, and short esophagisupportsthe recognitionof 7 species, with Pyelosomumlongicaecuma junior
synonymof P. renicapite,and P. solum and Myosaccuscheloneispecies incertaesedis. Phylogeneticanalysisof the 7 recognized
species, based on 18 morphologicaltransformationseries, produceda single tree with a consistencyindex of 86%. That tree
suggeststhat Pyelosomumis paraphyleticunless Astrorchis,Epibathra,and Myosaccusare included in it. Accordingly,all are
consideredjunior synonymsof Pyelosomum.Epibathrastenobursatais designatedPyelosomumstenobursatacomb. n.

ABSTRACT:

A group of species of Pronocephalidae Looss, 1902 form a
clade diagnosed by plump rounded bodies, sinuous ceca, and
short esophagi (Perez Ponce de Leon and Brooks, 1995). Ruiz
(1946) treated species having these traits as members of Pyelosomum Looss, 1899 in a revision of the Pronocephalidae. Other
taxonomic treatments, e.g., Yamaguti (1958, 1971), however,
have placed the species in as many as 4 genera: Pyelosomum
Looss, 1899, including Pyelosomum cochlear Looss, 1899, Pyelosomum longicaecum Luhman, 1935, Pyelosomum posterorchis Oguro, 1936, and Pyelosomum parvum Prudhoe, 1944;
Epibathra Looss, 1902, including Epibathra crassa (Looss, 1901)
Looss, 1902; Astrorchis Poche, 1925, including Astrorchis renicapite(Leidy, 1856) Poche, 1925; and Myosaccus Gilbert, 1938,
including Myosaccus amblyrhynchus Gilbert, 1938. Subsequent
to Yamaguti's (1971) study, Chattopadhyaya (1972) described
Myosaccus chelonei and Pyelosomum solum in Chelonia mydas
from India, and Fischthal and Acholonu (1976) described Epibathra stenobursata in Eretmochelys imbricata imbricata from
Puerto Rico, bringing to 10 the number of nominal species in
this clade.
This study was undertaken to establish the validity of those
10 nominal species and to discern their phylogenetic relationships. In doing so, we have evaluated the classifications proposed by Ruiz and by Yamaguti.
MATERIALSAND METHODS
Specimens examined
We examinedall availablepublishedaccountsand the followingspecimens: CHIBUNAM (ColeccionHelmintologicadel Institutode Biologia de la UniversidadNacional Autonoma de Mexico, Mexico City,
Mexico):Pyelosomumcochlear:233-10 (6), 212-11 (1);P. posterorchis:
213-4 (1); P. renicapite(=Astrorchisr.): 250-12 (8). UNSMHWML
(Universityof NebraskaState Museum,Division of Parasitology,Harold W. Manter Laboratory,Lincoln Nebraska,U.S.A.): P. renicapite
(=Astrorchisr.): 1700 (1); P. amblyrhynchi(=Myosaccusa.): 1702 (2).
USNMHC (United States National MuseumHelminthologicalCollection, Beltsville,Maryland,U.S.A.):P. cochlear:9665 (1);P. posterorchis:
74860
73331 (2);P. longicaecum:8910(1); P. renicapite(=Astrorchisr.):
(1); P. stenobursata(=Epibathras.): 73313 (1).

Taxa recognized
We recognize 7 valid species in this analysis. During our study, we

failed to find any charactersthat separatedP. longicaecumand P. renicapite;therefore,we considerP. longicaecumto be a junior synonym
of P. renicapite.Illustrationsof M. cheloneiand P. solum presentedby
Chattopadhyaya (1972) suggest that the specimens were flattened excessively, with resultant displacement of internal organs. In addition,
some aspects of the descriptions are difficult to interpret. For example,
the trait that diagnoses Myosaccus as a distinct genus is a cirrus sac

with a constrictionin the middle,but M. cheloneiis describedas lacking
that constriction. Attempts to obtain specimens for examination have

failed. We thereforeconsiderP. solum and M. cheloneispecies incertae
sedis.
Analyses performed
Phylogenetic analyses were performed using the methods of phylogenetic systematics (Hennig, 1966; Wiley, 1981; Wiley et al., 1991). All
results were confirmed using the PAUP (phylogenetic analysis using
parsimony) computer program version 3.1.1 (Swofford, 1993), run on
a MAC IIX computer. The following options were examined: Characters: All unordered, or only multistate characters unordered, or only
characters 4 and 6 unordered; outgroups: plesiomorphic conditions determined by the generic level phylogenetic tree for the Pronocephalidae
(see Perez and Brooks, 1995); optimization: Acctran, Deltran; treebuilding algorithm: Heuristic Search/Branch Swapping, Branch and
Bound, Exhaustive Search.
Character argumentation
We identified the following characters and their states for use in
phylogenetic analysis (characters are listed in order of their appearance
in Table I). The character argumentation for each character:
1) Ceca. The plesiomorphic condition is straight ceca (0). Pyeloso-

mum cochlear,P. posterorchis,P. crassum,and P. amblyrhynchipossess
ceca that extend in a sinuous manner posteriorly from the cecal bifur-

cation (1); P. parvumand P. renicapitepossess serpentinececa (2).
2) Mehlis gland. The plesiomorphic condition is postovarian Mehlis

glands(0); the Mehlis glandsin P. parvumand P. renicapiteare lateral
to the ovary (1).
3) Anterior ends of the ceca. The plesiomorphic condition is for the
ceca to extend posteriorly or posterolaterally from the cecal bifurcation

(0);the ceca in P. parvumandP. renicapiteloop anteriorlybeforepassing
posteriorly (1).
4) Egg size. The plesiomorphic condition is eggs 42-60 ,um long (0);
P. renicapiteand P. parvumhave eggs 32-40 ,um long (1). Pyelosomum

stenobursatawas describedas havingeggs32-39 Amlong,but the single
specimen upon which the description is based is very young and the
eggs are not fully developed. Consequently, we assign the plesiomorphic
condition to this species.
5) Cecal tips. The plesiomorphic condition is cecal tips pointing di-
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rectlyposteriorly(0); in P. renicapiteand P. posterorchis,the cecal tips
* Departmentof Zoology, University of Toronto, Toronto, Ontario, point medially (1), and in P. parvum, the cecal tips point laterally (2).
CanadaM5S 1A1.
6) Anterior extent of vitellaria. The plesiomorphic condition is vi278
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telline follicles extendinganteriorlyat least to the middle of the body,
and usually somewhat fartheranteriorly(0); in P. stenobursataand P.
parvumthe vitelline follicles do not extend anteriorlyto the middle of
the body (1).
7) Eggfilaments.The plesiomorphicconditionfor this characteris 2
filaments(1 at either end of the egg)(0); P. cochlear,P. posterorchis,P.
crassum,P. stenobursata,and P. amblyrhynchihave more than 2 filaments (1), and P. renicapitelacks egg filaments(2).
8) Orientationof testesrelativeto ceca. The plesiomorphiccondition
is extracecaltestes (0); P. renicapite,P. posterorchis,P. crassum, P.
stenobursata,and P. amblyrhynchiall exhibit testes that lie ventral to
the ceca (1).
9) Structureof vitellaria. The plesiomorphiccondition is follicular
vitellaria(0); P. renicapitehas acinous vitellaria(1).
10) Position of cirrussac. The plesiomorphiccondition is intercecal
cirrussacs (0); P. renicapitehas an extracecalcirrussac (1).
11) Anteriorextent of uterinecoils. The plesiomorphiccondition is
uterine coils not extendinganteriorto the posteriorend of the cirrus
sac (0); P. cochlearhas uterineloops extendinganteriorto the posterior
end of the cirrussac (1).
12) Relative development of the prostatic complex. The plesiomorphic condition is a relatively small prostaticcomplex with thinly
muscledwalls (0); P. crassumand P. stenobursatahave well-developed
prostaticcomplexeswith thin walls (1);and P. amblyrhynchihas a welldeveloped prostaticcomplex with extremelythickly muscled walls (2).
13) Position of vitellaria. The plesiomorphiccondition is vitelline
follicles or acini lying ventralto the ceca as well as lateralto them (0);
P. crassum,P. stenobursata,and P. amblyrhynchihave extracecalvitellaria only (1).
14) Relativedegreeof glandulationof metraterm.The plesiomorphic
condition is a metratermsurroundedby relativelyfew gland cells (0);
P. crassumhas abundantgland cells lying along the metraterm(1).
15) Lateralextent of uterineloops. The plesiomorphiccondition for
Pyelosomumis uterineloops that are partlyextracecal(0); P. crassum,
and P. amblyrhynchihave intercecaluterineloops (1). For pronoceph-

[
parvum
5 (2)\

-----------------------

TABLEI. Data matrix for Pyelosomum.*

PA
RE

211 1210000000000001
211110211100000010

CO
PO

10000010001000000011
10001011000010000011

CR
ST
AM

100000
100001
I 00000

1
1
0 1
11

1000111101
110001110011
1 1000210111011

* PA = P. parvum;RE = P. renicapite;CO = P. cochlear,PO = P. posterorchis;

CR = P. crassum;ST = P. stenobursata;AM = P. amblyrhynchi.
0 = Plesiomorphic; 1, 2 = apomorphicconditions.

alids as a whole, intercecal uterine loops are plesiomorphic,so this
representsan evolutionaryreversal.
16) Shape of cirrus sac. The plesiomorphic condition is elongate
cirrus sacs (0); P. crassumand P. amblyrhynchihave cirrus sacs that
are sphericalor club-shapedposteriorly(1).
17) Testes shape. The plesiomorphiccondition is sphericalor subsphericaltestes (0); P. renicapite,P. crassum,P. stenobursata,and P.
amblyrhynchihave lobate testes (1).
18) Posterior extent of vitellaria. The plesiomorphiccondition is
vitellinefollicles(oracini)not extendingposteriorto the anteriormargin
of the testes (0); P. stenobursataexhibits vitelline follicles extending
posteriorlyto the anteriormarginof the testes (1).
19) Esophaguslength. The plesiomorphiccondition is a relatively
long esophagus(0); a short esophagus(1) is a synapomorphyfor Pyelosomum (see also P6rezPonce de Le6n and Brooks, 1995).
20) Body shape. The plesiomorphiccondition is relativelyelongate
bodies (0); relativelyplump bodies (1) is a synapomorphyfor Pyelosomum (see also P6rezPonce de Le6n and Brooks, 1995).

Pyelosomum --------------------------------- ]

renicapite cochlear posterorchis stenobursatacrassum amblyrhynchi
! 12 (2),
16(1)

6(1)

15 (1)
11

12 (1)

f 13 (1)
17 (1) *

1(1), 2 (1)
3(1), 4(1)

7 (1)

19 (1)

20 (1)
FIGURE1. Phylogenetictree for 6 species of Pyelosomum.Numbersaccompanyingslash markson the tree indicateputative synapomorphies
(characternumberfollowed by characterstate in parentheses)supportingthe phylogeneticrelationships.For identitiesof characters,referto text.
*, Homoplasious character state.
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logical Collection for the loan of specimens; to David Blair,
James Cook University, Queensland,Australia,for reprintsof
Phylogeneticanalysesof the 7 specieswe considervalid, using
pertinentarticles;and to Deborah A. McLennanfor the proall combinationsof the above options, produceda single most
duction of graphics.
parsimoniousphylogenetictree (Fig. 1) with a consistencyindex
RESULTS

of 86%. The tree suggests that Pyelosomum is paraphyletic unless Astrorchis, Epibathra, and Myosaccus are included in it.
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